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Background 

Detection of foodborne pathogens is of crucial importance to food safety. For the meat industry, 
Escherichia coli O157:H7, Salmonella spp. and Listeria monocytogenes are amongst those that 
cause the most concerns to the consumers and regulatory agencies. While on-site testing is always 
desired, most often, samples need to be shipped to a remote laboratory for microbial analysis. 
Microbial flora changes during shipping will affect the detection of the pathogens, which, in most 
cases, present on those samples at very low levels. Current FSIS guidelines specify that samples 
taken must be kept on ice and processed with 24 hours. However, this requirement often is difficult 
to meet, especially when a large number of samples are concerned. Shipping media and protocols 
developed for clinical samples are often not practical for shipping various meat or animal related 
samples.  

The stated objectives for this work were: The purpose of this study is to develop a simple protocol 
practical for shipping meat or animal related samples. 

Methodology 

Strains:  All of the bacterial strains (Table I) were from MARC stock, except E. coli O157:H7 strain 
SEA-13B88/pGFP, which was from Dr. P. Fratamico (USDA/ARS/ERRC). The GFP plasmid was 
transformed into other E. coli O157:H7 strains. 
 

Table I. Bacterial Strains  
Strain Source 

Escherichia coli O157:H7  
     SEA-13B88/pGFP Dr. P. Fratamico 
     EDL933/pGFP MARC-MRU 
     ATCC 3014-93/pGFP MARC-MRU 
  
Salmonella spp.  
     S. Typhimurium MARC-MRU 
     S. Enteriditis MARC-MRU 
     S. Kentucky MARC-MRU 
  
Listeria monocytogenes  
     ATCC 49592 MARC-MARU 
     ATCC 49593 MARC-MRU 
     ATCC 15313 MARC-MRU 
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Samples:  Cattle hide and carcass samples were taken from packing plants in Nebraska. Cattle fecal 
samples were taken from MARC feedlots. Ground beef was purchased from local grocers. Hide 
samples were taken using 3-ply hospital gauze wetted with 15 ml of sterile water. Carcass anal-hock 
samples were taken using Swirlpack Speci-Sponges wetted with 15 ml of BPW with 0.1% Tw20. Each 
fecal or ground beef sample was 10 grams.  

Testing E. coli O157:H 7 strain survival: To test the survival rate of E. coli O157:H7 in cattle feces, 10 
g of cattle feces was inoculated with the E. coli O157:H7 strain SEA-13B88/pGFP and incubated 
under various conditions mimicking the transportation process. Total number of aerobic bacterial 
colonies was counted on TSA plates following incubation under the testing conditions and 
subsequent dilution in BPW. The number of survival inoculated E. coli O157:H7 was counted on 
SMAC plates supplemented with 200mg/l of Ampicilin by virtue of the fluorescence from the 
expression of GFP.  

Evaluating shipping protocols:  To evaluate the efficiency of recovering pathogens, pooled cattle 
hide, fecal, carcass or ground beef samples were artificially contaminated with a cocktail of 
pathogens consisting one E. coli O157:H7 strain, one Salmonella spp. strain and one Listeria 
monocytogenes strain. The spiked samples then were stored under conditions that simulate the 
shipping process for 68 hour. After enrichment, each pathogen strain was recovered following 
specific isolation protocols.  

Enrichment:  After the incubation under conditions simulating the shipping process, each sample 
was enriched by mixing with 90 ml of TSB. The potentially injured cells in the sample were allowed to 
recover at room temperature (23-25°C) for 3 hours before the samples being transferred to more 
selective conditions. For E. coli O157:H7 and Salmonella spp. strains, the samples were incubated 
at 42°C for 6 hour followed by cooling to 4°C. For Listeria monocytogenes stains, aliquots of 4 ml of 
the sample-TSB mixtures prior to shifting to 42°C were transferred into tubes containing 36 ml of 
UVM Listeria Enrichment Media followed by incubation at 30°C for 24 to 48 hours.  

E. coli O157:H 7 isolation:  To isolate E. coli O157:H7, we used the Immuno-Magnetic Separation 
(IMS) technique, following the manufacturer’s instructions. Briefly, 1 ml of the enrichment culture 
was mixed with 20 ul of immune-magnetic beads (Dynal Inc.) at the presence (for non-fecal samples) 
or absence (for fecal samples) of 0.01% protamine. The mixture was incubated at room temperature 
for 30 min with gentle agitation to allow E. coli O157 cells to bind to the beads before applying 
magnetic field. After removal of the supernatant, the beads were washed three times with 1 ml of 
washing buffer (PBS-0.1% Tw20), followed by re-suspending the beads in 100 ul of washing buffer. 
Finally, 50 ul of the re-suspended beads was plated on ctSMAC plate and mRinbow Agar plate and 
the plates were incubated overnight at 37°C. Colonies characteristic of E. coli O157:H7 (white 
colonies on ct SMAC plates and blue colonies on mRainbow Agar plates) were tested on Oxoid Dry-
Spots for the presence of O157 antigen. The recovery of inoculated E. coli O157:H7 strain was also 
confirmed by the GFP fluorescence on ctSMAC plates.  

Salmonella spp. isolation:  The IMS protocol for Salmonella detection was the same as that for E. coli 
O157, except that the washing steps were omitted. Instead, the Salmonella specific 
immunomagnetic beads were re-suspended in 100ul of washing buffer, of which 50 ul each was 
added to 10 ml of RV and TT broth. The RV tubes were incubated at 42°C for 20 hours, and the TT 
broth tubes 37°C for 20 hours. Then 50 ul of each is streak plated on He-N plates and BGS 
plates. Salmonella spp. were presumptively isolated by virtue of their colony characteristics 
on those plates.  
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Listeria monocytogenes isolation:  To detect Listeria monocytogenes, 50 ul of the enrichment culture 
in UVM was streaked on Oxford Listeria plate supplemented with modified antimicrobial 
supplements and incubated at 30-35°C for 24-48 hours. Listeria monocytogenes is presumptively 
detected by the colony characteristics on the plate. 

Findings 

Detection of E. coli O157:H7 has the highest priority in current meat safety research. We believe that 
the survival pattern of E. coli O157:H7 strain in cattle feces under shipping conditions can serve as 
an indicator of recovery efficiency of pathogens after potentially contaminated samples being 
shipped. Although there is an abundance of data suggesting long term survival of E. coli O157:H7 in 
contaminated food or animal feces, prolonged survival and subsequent recovery of low level of E. 
coli O157:H7 in cattle feces is not reported. We tested the survival of one E. coli O157:H7 strain, 
SEA-13B88/pGFP, in cattle feces under a variety of conditions, including the presence of different 
media/buffers, the presence of different selective agents or protective chemicals and different 
storage temperatures. In all the media tested, we found that, when stored at room temperature for 
72 hours, the number of E. coli O157:H7 colonies increased 2 to 3 fold at the presence of cefexime 
and tellurite, compared to the number prior to storage. When stored at –20°C, the number of E. coli 
O157:H7 colonies did not significantly change at the presence of 10% of DMSO, compared to the 
number prior to storage. While the number of E. coli O157:H7 colonies decreased significantly under 
all other conditions tested.  

The storage condition of freezing at the presence of DMSO was chosen for further evaluation, along 
with other proposed shipping protocols, as schematically presented in Figure I: (A.) Control, in which 
the samples are enriched without storage; (B.) Essentially the current FSIS protocol, except the 
extended storage time to 68 hours; (C.) Samples stored on dry ice at the presence of DMSO; (D.) 
Samples stored on ice for 68 hours after pre-enrichment and (E.) Samples first enriched followed by 
storage on ice for 68 hours. Since those experiments were performed in the winter, a known low 
prevalence season for the pathogens, we resorted to artificial contamination for the evaluation. 
Samples were pooled and artificially contaminated with a cocktail containing one strain each of E. 
coli O157:H7, Salmonella spp. and Listeria monocytogenes. All the spiking was carried out at three 
different levels, ranging from 1 cells/sample to 200 cells/sample. Recovery of the pathogens is 
scored as positive or negative. Table II is a summary of such evaluation. Statistical analysis was not 
performed due to the limited number of tests. 

Implications 

Overall, all the protocols evaluated performed reasonably well regarding the recovery of all three 
pathogens. Compared to the control, Protocol C (Freezing samples at the presence of DMSO) 
performed marginally better than the others. However, the incorporation of a transportation medium 
containing DMSO significantly increases the workload of sample processing and the complexity of 
packing and shipping. Surprisingly, Protocol B (Current FSIS protocol with extended time) performed 
much better than expected. In most cases, the recovery efficiency is comparable or better than the 
control protocol (Protocol A, sample processed without delay). If further validated, this would be the 
most simple and practical protocol for shipping large numbers of meat and animal related samples. 
On the other hand, Protocol E (Shipping enrichment culture) is advantageous when samples need to 
be shipped to different destinations.  

However, cautions must be taken that this evaluation was performed during low prevalence 
season using artificially contaminated samples. Further evaluation using naturally 
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contaminated samples during the high prevalence season is much desired. We also observed 
significant variation of the performance of the protocols with different samples. Therefore, we 
suggest that further evaluation with larger number of naturally contaminated samples, which would 
allow valid statistical analyses, be performed. 

Table 2. Recovery Efficiency 

Sample 
Type 

Spiking 
(Cells/Sample) Recovery Efficiency (#+/# Tested) For Shipping Protocol 

  Strain Low/Mid/Hiqh A B c D E 
Fecal E. coli 0157:H7       
  SEA13B88 07/20/70 4/6 6/6 6/6 6/6 4/6 
  EDL933 4/12/40 4/6 5/6 6/6 4/6 4/6 
  CDC3014-93 4/12/40 5/6 5/6 6/6 6/6 4/6 
  Total  13/18 16/18 18/18 16/18 12/18 
  Salmonella spp.             
  S. Typhimurium  5/ 24/ 120 5/6 4/6 4/6 5/6 5/6 
  S. Enteriditis 8/ 40/ 200 5/6 6/6 5/6 6/6 5/6 
  S. Kentucky 4/ 20/ 100 6/6 6/6 5/6 5/6 4/6 
  Total   16/18 16/18 14/18 16/18 14/18 
  L. monocytogenes             
  ATCC49592 20/ 60/ 200 6/6 6/6 6/6 6/6 6/6 
  ATCC49593 25/ 75/ 250 6/6 6/6 6/6 6/6 6/6 
  ATCC15313 8/25/80 6/6 6/6 6/6 6/6 6/6 
  Total   18/18 18/18 18/18 18/18 18/18 
Hide E. coli 0157:H7             
  SEA13B88 6/30/ 150 6/6 6/6 6/6 5/6 6/6 
  EDL933 4/ 20/ 100 3/6 5/6 5/6 4/6 6/6 
  CDC3014-93 4/20/ 100 5/6 6/6 6/6 5/6 6/6 
  Total   14/18 17/18 17/18 14/18 18/18 
  Salmonella spp.             
  S. Typhimurium  3/14/70 6/6 6/6 6/6 6/6 6/6 
  S. Enteriditis 3/14/70 6/6 6/6 6/6 6/6 6/6 
  S. Kentucky 2/10/50 6/6 6/6 6/6 4/6 6/6 
  Total   18/18 16/18 18/18 16/18 18/18 
  L. monocytogenes             
  ATCC49592 2/12/60 6/6 6/6 6/6 6/6 6/6 
  ATCC49593 3/15/75  6/6     5/6 5/6 6/6 6/6 
  ATCC15313 2/10/50  6/6    6/6 6-Jun 6/6 6/6 
  Total     18/18    17/18 17/18 18/18 18/18 
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Table 2. (Continued) 

Sample 
Type 

Spiking 
(Cells/Sample) Recovery Efficiency (#+/# Tested) For Shipping Protocol 

  Strain Low/Mid/Hiqh A B c D E 
Ground 
Beef E. coli 0157:H7       
  SEA13B88 1/4/12 6/6 5/6 5/6 5/6 6/6 
  EDL933 1/4/13 4/6 4/6 4/6 5/6 4/6 
  CDC3014-93 1/3/10 3/6 4/6 5/6 6/6 3/6 
  Total   13/18 13/18 14/18 16/18 13/18 
  Salmonella spp.             
  S. Typhimurium  2/5/15 6/6 5 6/6 6/6 6/6 
  S. Enteriditis 1/3/10 6/6 5/6 5/6 5/6 6/6 
  S. Kentucky 1/3/10 4/6 5/6 6/6 4/6 4/6 
  Total   16/18 15/18 17/18 15/18 16/18 
  L. monocytogenes             
  ATCC49592 2/5/16 5/6 1/6 3/6 4/6 5/6 
  ATCC49593 3/10/27 5/6 3/6 2/6 3/6 5/6 
  ATCC15313 3/8/25 4/6 2/6 4/6 2/6 4/6 
  Total  14/18 6/18 9/18 9/18 14/18 
Carcass 
Anal Hock E. coli 0157:H7             
  SEA13B88 1/5/25 6/6 5/6 6/6 4/6 6/6 
  EDL933 2/8/40 6/6 5/6 6/6 4/6 6/6 
  CDC3014-93 1/4/20 4/6 6/6 6/6 5/6 4/6 
  Total   16/18 16/18 18/18 13/18 16/18 
  Salmonella spp.             
  S. Typhimurium  2/8/40 6/6 4/6 6/6 5/6 6/6 
  S. Enteriditis 2/10/50 6/6 5/6 6/6 6/6 6/6 
  S. Kentucky 1/6/30 6/6 6/6 6/6 5/6 6/6 
  Total   18/18 15/18 18/18 16/18 18/18 
  L. monocytogenes             
  ATCC49592 3/12/60 1/6 2/6 2/6 2/6 1/6 
  ATCC49593 5/26/125 2/6     4/6 4/6 5/6 2/6 
  ATCC15313 5/25/125 3/6    4/6 3/6 4/6 3/6 
  Total   6/18    10/18 9/18 11/18 6/18 

 

 

 

 

 


